INTRODUCTION
Impact Factor (JCC):5.9857 NAAS Rating: 4. 13 to the family Lamiacea and is widely cultivated commercial crop in the northern semi-arid and sub-tropical regions of India. India is currently producing nearly 18000 tones of mint oil per year and has emerged as one of the largest supplier of mint oil and menthol (Patra et al., 2008) . Menthol mint is a potential source of natural menthol and other constituents like mint terpenes, menthone, isomenthone, menthofuran which are widely used in drug industry, pharmaceutical and variety of cosmetic products. Alginates have been used in varied ways for food, pharmaceutical and drinking purposes. The present work revealed that the foliar application of ISA 80 (80 kg ha -1 ) significantly improve growth, physiological and biochemical attributes and menthol production in Mentha piperita L.
MATERIAL AND METHODS
A field experiment was conducted in the botanical garden of Kashmir university, Srinagar during the year2017.
The plant materials were collected from IIIM Srinagar (J&K). Small Plantlets of Mentha piperita L. Were grown in the fields as well as earthen pots of botanical garden (University of Kashmir). 
Plant Materials, Location of Cultivation and Growth Conditions
The Pot experiments were conducted under controlled conditions in Botanical Garden University of Kashmir. Each earthen pot (25 cm diameter x 25 cm height) was filled with 5 Kg homogenous mixture of soil and organic manure in the ratio of 4:1. The soil analysis was done at agricultural farms soil testing unit at Sher-e-Kashmir University of Agricultural Sciences and Technology of Kashmir (SKUAST-K).
Irradiation and Gel Permeation Chromatography (GPC) Analysis
Solid form of sodium alginate (Sigma Aldrich, USA) was properly sealed in a long glass tube with atmospheric air. The samples of sodium alginate were irradiated in a Gamma Chamber (Cobalt-60, GC-5000) manufactured by Bhabha Atomic Research Centre (BARC, Zakura, Srinagar), India. The samples were irradiated to 520 kGy gamma radiation dose at a dose rate of 2.4 kGy/h. various aqueous concentrations of irradiated sodium alginate (ISA) were prepared.
Estimation of Growth Parameters
Plant materials were brought from IIIM (Srinagar). The field trials were conducted during 2016-2017. The experiments were conducted in randominised block design in earthen pots (25 cm height x 25cm diameter). The plants were sown in the month of April. At least three replicates of each treatment were planted in the fields. The doses of irradiated sodium alginate (ISA) and Nitrogen (N) were selected on the basis of earlier studies Aftab et al., (2011 a, b 
Estimation of Physiological and Biochemical Parameters

Determination of Chlorophyll Content and Carotenoid Content
Total content of leaf chlorophyll and carotenoids was estimated using the method of Lichtenthaler and
Buschmann (2001) The fresh tissue from the interveinal area of leaf was grinded with 100% acetone using mortar-pestle.
The optical density (OD) of the pigment solution was recorded at 662, 645 and 470 nm to determine chlorophyll a, chlorophyll b and total carotenoids content, respectively, using a spectrophotometer (Shimadzu UV-1700, Tokyo, Japan).
Total chlorophyll content was assessed by adding the contents of chlorophyll a and b. The content of photosynthetic pigments was expressed as mg g −1 leaf FW. (Table 3 )
Determination of Carbonic Anhydrase (CA) Activity
The activity of carbonic anhydrase was measured in the fresh leaves, using the method described by Dwivedi and Randhawa (1974) . Two hundred mg of fresh leaves (chopped leaf pieces) was transferred to Petri plates. The leaf pieces were dipped in 10 mL of 0. (Table 3 )
Total Phenol Content
Total phenol content was estimated by the method described by Sadasivam and Manickam (2008) . Five hundred mg of the leaves were grinded with 10 times volume of 80% ethanol, using mortar pestle. The homogenate was centrifuged at 10,000 rpm (10,062 × g) for 10 min at 4 °C. The supernatant was evaporated to dryness, adding 5 mL of double distilled water (DDW) thereafter. Later, 0.5 mL of Folin-Ciocalteau Reagent and 2 mL of 20% Na 2 CO 3 solution were added to each test tube. The OD of the solution, thus obtained, was measured at 650 nm against a reagent blank. Using the standard curve, the content of total phenols in the test samples was determined as mg phenol per 100 g of dry leaves. (Table 3 )
Estimation of N, P and K Contents in Leaves
Leaf samples from each treatment were digested for the estimation of leaf-N, -P and -K contents. The leaves were dried in a hot air oven at 80 •C for 24 h. The dried leaves were ground using mortar and pestle and the leaf-powder was passed through a 72 mesh. The sieved leaf-powder was used for the estimation of N, P and K contents. One hundred mg of the oven-dried leaf powder was carefully transferred into a digestion tube, to which 2 mL of AR (analytical reagent) grade concentrated sulfuric acid was added subsequently. This solution was heated on a temperature controlled assembly at 100
•C for about 2 h and then the content was cooled for about 15 min at room temperature. To the cooled content, 0.5 mL of 30% hydrogen peroxide () was added drop by drop. The addition of H 2 O 2 was followed by gentle heating of the content; then, the content was cooled at room temperature. This step was repeated until the content of the tube turned colorless. The aliquot (peroxide-digested material), thus prepared, was used to estimate the per cent N, P and K contents in the leaves on dry weight basis. (Table 3) Impact Factor (JCC):5.9857 NAAS Rating: 4.13
Determination of N Content
Leaf-N content was estimated according to method of Lindner (1944) with slight modification by Novozamsky, Houba, van Eck, and van Vark (1983). The dried leaf-powder samples were digested with H2SO4 in the digestion tubes using temperature controlled Kjeldahl assembly. A 10 mL aliquot (peroxide-digested material) was poured into a 50 mL volumetric flask. To it, 2 mL of 2.5 N Sodium Hydroxide and 1 mL of 10% sodium silicate solutions were added to neutralize the excess acid and prevent turbidity. A 5 mL aliquot of the peroxide-digested plant material was poured into a 10 mL graduated test tube followed by addition of 0.5 mL of Nessler's reagent. The OD (optical density) of the solution was recorded at 525 nm using the spectrophotometer. (Table 3 )
Determination of P content
The method of Fiske and Subba Row (1925) , with slight modification by Rorison, Spencer, and Gupta (1993) was used to estimate the leaf-P content in the peroxide-digested material. A 5 mL aliquot was poured into a 10 mL graduated test tube. To it, 1 mL of molybdic acid (2.5%) was added, followed by addition of 0.4 mL of 1-amino-2-naphthol-4-sulfonic acid. When the color of the content turned blue, the volume of the test tube was made up to 10 mL, using double distilled water. The OD of the solution was recorded at 620 nm using the spectrophotometer. (Table 3 )
Determination of K Content
Leaf-K content was determined in the peroxide digested plant material by a flame-photometer (Hald, 1947) (Model, C150, AIMIL, India) with the help of emission spectra using specific filter. In the flame-photometer, the solution (peroxide-digested material) was discharged through an atomizer in the form of a fine mist into a chamber, where it was drawn into a flame. Combustion of the elements produced the light of a particular wavelength [max for K = 767 nm (violet)]. The light, thus produced, was passed through an appropriate filter to impinge upon a photoelectric cell that subsequently activated a galvanometer in order to get the reading. (Table 3 )
Estimation of Yield Attributes
Estimation of Essential Oil Content and Yield
After attaining full maturity at 120 days of plantation the crops were subjected to harvesting process. From each treatment 500g of fresh plant parts including leaves were taken and crushed. Oil extraction process was estimated according to the (Guenther 1972 ). Considerable amount of chopped leaves were taken into account for EO estimation and EO content was extracted through Clevenger's apparatus used for three hours. (Table 4) .
Statistical Analysis
The data were analyzed statistically using SPSS-17 statistical software (SPSS Inc., Chicago, IL, USA). Means were compared using Duncan's Multiple Range Test (DMRT) at p ≤ 0.05. Standard errors were taken into consideration.
RESULTS
The present study revealed that the spray of Irradiated Sodium Alginate and Nitrogen fertilizers applied to the plants improved the performance of Mentha piperita L. crop significantly. Further, this study revealed that the combined application of Irradiated Sodium Alginate and Nitrogen fertilizers gave the better performance on the overall growth attributes, physiological and biochemical attributes as well as essential oil composition and essential oil yield in Mentha 
Physiological and Biochemical Attributes
Photosynthetic Pigments
As far as chlorophyll content is concerned, the application of depolymerized form of ISA at T4 (ISA 80 (80 mg L (Table 3) .
Nitrate Reductase (NR) Activity
ISA applied along with Nitrogen doses, increased the NR activity maximally. The increase in NR activity by (Table 3) .
Carbonic Anhydrase Activity
The application of T4 (ISA 80 (80 mg L -1 ) along with nitrogen, N 80 (80 kg N ha -1 ) proved optimum for the CA activity at 120 DAP. It registered 26.79% higher activity of the enzyme compared to the control T7 (Table 3) .
Leaf -N -P and -K Contents
Leaf -N, -P and -K contents were also significantly enhanced by combined application ISA and Nitrogen doses with T4 (ISA 80 (80 mg L -1 ) along with nitrogen, N 80 (80 kg N ha -1 ) proving the best. It increased the leaf -N, -P and -K content by 47.42%, 4.16%, and 11.59%, respectively, over the control at 120 DAP (Table 3) .
Total Phenolic Content
Total phenol content was significantly increased by the combined effect of ISA and Nitrogen doses with T4 (ISA in Mentha piperita L. (Table 3) .
Yield Attributes
Essential oil content was significantly increased by the combined effect of ISA and Nitrogen doses. 
DISCUSSIONS
Growth Attributes
The data presented in (Table 2) 
Physiological and Biochemical Attributes
Photosynthetic Pigments
Increment in the chlorophyll and carotenoid content due to the combined application of ISA and Nitrogen doses (Table 3) 
